Objective: The total burden of subclinical coronary artery disease (CAD) is significant among young adults. Serum fibroblast growth factor 23 (FGF-23) and fetuin-A are established predictors of morbidity and mortality because of cardiovascular disease. The objective of the study was to evaluate the relationship between subclinical CAD and serum FGF-23 and fetuin-A concentrations among a population of young adults.
F ibroblast growth factor 23 (FGF-23) is a recently identified osteocyte-derived hormone that regulates phosphate and vitamin D metabolism through an established bone-kidney axis. 1 Fibroblast growth factor 23 levels are higher in hemodialysis (HD) patients and have been linked to increased mortality, in that setting. 2 Clear explanations for this relationship are not yet available. Emerging data are linking FGF-23 to aortic, 3 peripheral vascular, 4 and coronary artery 5 calcifications in HD patients. Elevated serum FGF-23 levels have been found to be associated with vascular diseases such as carotid intima-media thickness, arterial stiffness, and coronary atherosclerosis in patients with advanced chronic kidney disease (CKD). [6] [7] [8] However, the impact of FGF-23 on early stages of atherosclerosis is not known, in patients with normal kidney function. Masai et al. 9 reported that serum FGF-23 levels were associated with coronary artery calcification (evaluated by Agatston score) in patients without CKD.
Fetuin-A, a known negative acute phase reactant, is a 62-kd glycoprotein secreted by the liver that inhibits vascular calcification. 10 Previous studies suggested that fetuin-A may inhibit coronary artery calcification both in patients with and without CKD. 11, 12 Conversely, lower plasma fetuin-A levels are associated with atherosclerosis and inflammation. 13, 14 Fetuin-A has been linked to diabetes mellitus in older persons. 15 Fetuin-A has also been demonstrated to be a predictor of total and cardiovascular morbidity and mortality. 14, 16 Although the incidence of cardiovascular events is low in individuals younger than 45 years, subclinical atherosclerosis often begins in childhood or young adulthood. Early detection of coronary artery disease (CAD) in young patients is important if we want to improve the management and prognostic of this disease. Noninvasive imaging modalities, such as coronary computed tomographic angiography (CCTA), are commonly used to evaluate the presence of coronary atherosclerotic lesions. To our knowledge, there are no published data on the relationship between serum FGF-23 and fetuin-A levels and subclinical CAD detected by CCTA in young adults. Whereas FGF-23 and fetuin-A have been shown to correlate with vascular calcification, the association of FGF-23 and fetuin-A with coronary plaque morphology remains unclear. Therefore, in this study, we aimed to determine the association of FGF-23 and fetuin-A level with subclinical CAD in young patients without a history of CAD. Furthermore, we hypothesized that FGF-23 and fetuin-A would also be associated with coronary plaque burden and structure detected by CCTA in patients younger than 45 years.
METHODS

Study Population
This single-location, case-control observational investigation was performed at a tertiary heart center. A total of 241 consecutive patients younger than 45 years and who underwent CCTA between April 2011 and May 2014 were evaluated for enrolment in the study. Following initial clinical evaluation, 117 patients with CAD were identified. A second group of 124 subjects with normal CCTA findings served as the control group and made up the remainder of the 241 included patients in the study. Indications for CCTA evaluation were as follows: evaluation of asymptomatic patients who have intermediate-to high-risk score according to Framingham risk assessment and also who have contraindications to exercise stress test or having uninterpretable stress test results.
The other indications were the investigation of congenital heart disease before noncoronary cardiac surgery
The criteria for exclusion were as follows: prior diagnosis of CAD or prior history of any coronary surgery or bypass grafting surgery, severe valve disease, the use of calcium supplements or vitamin D treatment, and uninterpretable CCTA results. All subjects provided written informed consent, demographic/clinical characteristics were recorded, and blood samples were drawn for analysis. The study protocol was reviewed and approved by an internal ethical review board.
Variable Definition
Height and body weight were recorded, and the body mass index (BMI) was calculated according to the following formula: weight in kilograms / height in meters squared. Hypertension was defined as blood pressureof 140/90 mm Hg or greater or the use of antihypertensive medication. Dyslipidemia was defined as serum total cholesterol or low-density lipoprotein (LDL) cholesterol levels of 200 mg/dL or greater and 110 mg/dL, respectively, or the use of hypolipidemic medication.
Image Analysis
All scans were evaluated using the 3-dimensional Syngo.via workstation (Siemens Healthcare, Forchheim, Germany) by a pair of highly trained radiologists who were unaware of the clinical reports. The final CCTA diagnosis was determined by consensus interpretation. The identification of plaque and stenosis, as well as the amount of plaques per segment, was determined by the radiologists as indicated by the modified American Heart Association classification. 17 Plaques were defined as structures in the artery that were within 1 mm 2 or the vessel lumen or directly adjacent and could be clearly distinguished from the surrounding pericardial tissue and the vessel lumen. Calcified plaques were made up of more than 50% calcified tissue (density C130 HU in native scans); mixed plaques contained less than 50% calcified tissue; plaques lacking signs of calcification were categorized as noncalcified lesions. 18 Subclinical CAD was defined as the presence of plaque during the CCTA examination in an asymptomatic patient.
Laboratory Measurements
Venous blood was collected from all study subjects after an overnight fast between 8:00 and 9:00 AM at the beginning of the study. An Abbott Aeroset autoanalyzer (Abbott Laboratories, Abbott Park, IL) was used to measure triglycerides, high-density lipoprotein cholesterol (HDL-C), and total cholesterol, in blood serum samples. The Friedenwald equation was used to calculate LDL-C levels. An immunoturbidimetric method (Abbott Aeroset 1600 autoanalyzer; Abbott Reagents, Wiesbaden, Germany) was used to determine the high-sensitivity C-reactive protein (hs-CRP) concentration. Hemoglobin and other hematologic parameters were measured on Cell-Dyne counter of Abbott Laboratories (Celldyne 3700; Abbott Laboratories). Creatinine was measured by a qualified technician using enzymatic assays (Cobas 6000; Roche, Mannheim, Germany). Blood urea nitrogen (BUN) levels were calculated from the decrease in NADH absorbance at 340 nm using a BUN Sigma standard. The assessment of renal function was based on the MDRD eGFR equation. 19 Serum concentrations of FGF-23 and fetuin-A were measured in BD Vacutainer serum tube stored at −40°C until testing. An enzymatic colorimetric test was used to measure uric acid levels on a Roche/ Hitachi analyzer (Cobas 6000; Roche). Fibroblast growth factor 23 was measured using an enzyme-linked immunosorbent assay kit from EMD Millipore Corporation (Billerica, MA). The intra-assay and interassay coefficients of variation were 9.3% and 5.08%, respectively, for the FGF-23. Fetuin-A (AssayMax Human alpha-2-HS-Glycoprotein-AHSG-ELISA Kit; Assaypro, St Charles, MO) were analyzed by the enzyme-linked immunosorbent assay method. The intra-assay and interassay coefficients of variation were 5.0% and 7.0%, respectively, for the fetuin-A.
Statistical Analysis
All analyses were performed using SPSS 20.0 (released 2011, IBM statistics for Windows version 20, IBM Corp, Armonk, NY). Continuous data are presented as median with interquartile range (IR), and categorical data as number and percent frequency. Comparisons between groups were performed by Mann-Whitney U or χ 2 test. Spearman or point-biserial correlation coefficient was computed to examine the association between variables. Logistic regression analysis was used to assess predictors of subclinical CAD. Those variables with P < 0.1 by univariate analysis were included in the backward stepwise multivariate logistic regression analysis model, and the respective odds ratios (ORs) with 95% confidence intervals (CIs) were calculated. A receiver operating characteristic curve was constructed to determine FGF-23 and fetuin-A cutoff values for the diagnosis of the subclinical coronary atherosclerosis. When a significant cutoff value was observed, the sensitivity and specificity values were presented. A 2-tailed P < 0.05 was considered statistically significant.
RESULTS
Study Population Characteristics
The clinical, biological, and demographic characteristics of the study population are presented in Table 1 . The median age was 42 years, and 59.8% were men. Patients with CAD were older and had a higher prevalence of hypertension and of tobacco use. Similarly, serum creatinine, hs-CRP, uric acid, LDL-C, and triglycerides values were more elevated in the CAD patients as compared with those without CAD. Importantly, both FGF-23 and fetuin-A levels were also significantly higher in the CAD group of patients ( 5 ] mg/L, respectively; P < 0.001 for both). There was no difference between the 2 groups in regard to diabetes status and hemoglobin A 1c , calcium, or phosphorus levels.
In the CAD group, the median number of vessels affected was 2 (IR, 1-3), and the most frequent type of plaque present was the mixed one (49.6%), followed by the noncalcified (39.3%) and calcified (11.1%) types. The fetuin-A and FGF-23 values were similar between patients with less than 2 and those with 2 or more vessels affected. There was no difference in the fetuin-A levels between the patients with different types of plaques, but patients with noncalcified plaques had significantly higher values of FGF-23 than did those with calcified plaques (27.6 [IR, ] pg/ mL vs 23.9 [IR, 20.8-27.0] pg/mL, P = 0.01; Fig. 1 ).
Association Between FGF-23, Fetuin-A, and Different Parameters
Fibroblast growth factor 23 and fetuin-A showed a positive correlation (r = 0.42, P < 0.001). Both biomarkers were associated with age, systolic blood pressure, uric acid, and hs-CRP levels, different parameters of lipid metabolism and, importantly, with the presence of CAD (r = 0.21 for FGF-23 and r = 0.28 for fetuin-A, respectively; P < 0.001), number of plaques, and of vessels affected ( Table 2 , Fig. 2 ). There was no association with calcium and phosphorus levels.
Predictors of CAD
Next, we analyzed the predictors of the presence CAD in the studied population. Table 3 shows the univariate predictors of CAD identified by logistic regression. In this analysis, both FGF-23 and fetuin-A were predictors of CAD. After the inclusion of all significant variables and also gender (P = 0.06 in univariate analysis) in a multivariable logistic regression, these biomarkers remained independently associated with the presence of CAD (Table 4 ).
When we compared the area under the curve (AUC) of the receiver operating characteristic curve for the FGF-23 and fetuin-A, FGF-23 had a significantly larger AUC than that of fetuin-A (AUC, 0.924 [95% CI, 0.887-0.961] vs 827 [95% 
DISCUSSION
In the present study, we show for the first time that FGF-23 and fetuin-A levels are independently associated with subclinical CAD among asymptomatic young adults. Fibroblast growth factor 23 and fetuin-A values were also positively correlated with the number of affected vessels, as well as with the number of plaques in the coronary arteries. Atherosclerosis is the largest cause of morbidity and mortality in the developed world. Its pathogenesis can begin early in life and occurs in a substantial number of asymptomatic adults. 20 The relation between FGF-23, fetuin-A, and CAD has been demonstrated previously by coronary angiography. 8, 21 In our study, CAD was demonstrated by CCTA, which provides more accurate and reliable information about early stage atherosclerosis. Furthermore, CCTA also offers additional information as compared with coronary angiography, being able to provide, with high diagnostic accuracy, details about plaque composition.
Fibroblast growth factor 23 may play a direct role in vascular pathology, although the mechanism remains unclear. It was recently demonstrated that Klotho, which determines the tissue-specific signaling of FGF-23, is expressed in human arteries and human aortic smooth muscle cells, 22 suggesting that FGF-23 could affect vascular tissues in an endocrine fashion. 23 Fibroblast growth factor 23 may also affect the cardiovascular system indirectly through regulation of mineral metabolism. Fibroblast growth factor 23 regulates systemic phosphate homeostasis, and there is a significant association between atherosclerosis and phosphate metabolism in patients with CKD 24 ; however, in our non-CKD population, serum phosphate did not have an influence on the relationship between FGF-23 and CAD. Fibroblast growth factor 23 may also modulate progression and development of coronary atherosclerosis through its inhibition of vitamin D activation. 25 The association of fetuin-A with atherosclerosis is controversial. Several studies have shown a negative relationship between fetuin-A and subclinical atherosclerosis in patients with endstage renal disease and obstructive sleep apnea syndrome. 26, 27 By contrast, and similar to our findings, fetuin-A has been found to be positively correlated with carotid artery intima-media thickness in patients with nonalcoholic fatty liver disease 28 or in patients with normal renal function. 29 Rittig et al. 13 reported that serum fetuin-A levels were higher in patients with subclinical atherosclerosis than in healthy subjects, in a middle-aged population. It was also reported that higher plasma fetuin-A levels were associated with risk of both myocardial infarction and ischemic stroke in middle-aged subjects. 30 In the Rancho Bernardo study, 16 lower fetuin-A levels were significantly associated with increased risk of cardiovascular mortality in older adults and with reduced risk of cardiovascular mortality in younger and diabetic adults. These findings imply that the negative effects associated with fetuin-A levels could differ with age, with higher levels being protective in older patients or in those who have an elderly-like phenotype (as in end-stage renal disease) and being deleterious in younger patients.
There are conflicting data on the association between fetuin-A levels and vascular calcification. Several studies have shown a negative relationship between fetuin-A and vascular calcification in patients with end-stage renal disease. 11, 14 By contrast, Mehrotra et al. 31 found a positive correlation between fetuin-A and coronary artery calcification.
Fetuin-A is known to be a negative acute phase reactant, and its associations with subclinical atherosclerosis might be influenced by the presence of inflammation. A direct link between fetuin-A deficiency and CRP has been described in patients on HD. 14 Although we found a positive relationship between fetuin-A and CRP levels, only fetuin-A was independently associated with CAD in our multivariable logistic regression. Fetuin-A may be related to the increased peripheral tissue resistance to insulin, as it was reported that fetuin-A may inhibit the autophosphorylation of the insulin receptor. 32, 33 In line with this assumption, fetuin-A was shown to be correlated with diabetes and hyperlipidemia, 34 known risk factors for the development of atherosclerotic lesions. However, in the present study, fetuin-A was not significantly associated with diabetes and, although it was correlated with total cholesterol and triglycerides levels, still remained positively associated with CAD after multiple adjustments for dyslipidemia markers.
A final mechanism proposed to explain the relation between FGF-23 and fetuin-Awith subclinical atherosclerosis may be the increased risk of coronary calcification. Calcification is the common anatomopathologic change of subclinical CAD and is strongly associated with cardiovascular mortality. A growing body of evidence from experimental, clinical, and epidemiological studies suggests a possible association between fetuin-A, FGF-23, and vascular calcification in patients with end-stage renal disease. 5, 35 However, in a study with a small sample size that included only patients with normal renal function, both FGF-23 and fetuin-A have not been found to be correlated with the coronary artery calcification score, the grade of coronary artery stenosis, or presence of noncalcified plaques. 36 Voigt et al. 37 investigated FGF-23 and fetuin-A expression by means of immunohistochemistry in human atherosclerotic vessels derived from patients with preserved renal function. In their study, expression of fetuin-A was seen within areas of vascular smooth muscle actin-positive cells adjacent to calcific deposits, and serum FGF-23 levels were positively correlated with the severity of carotid atheroma calcification. Our study confirms and extends these findings. With the exception of significantly higher FGF-23 levels in the patients with noncalcified plaques as compared with those with calcified ones, we did not observe a difference in the FGF-23 or fetuin-A levels between the different plaque types.
There are some limitations in the present study. First, the sample size in our study was relatively small. Second, the prognostic values of FGF-23 and fetuin-A levels were not evaluated in a follow-up study. Third, vitamin D was not measured in our population. Fibroblast growth factor 23 might have an effect on coronary atherosclerosis indirectly through its inhibition of vitamin D activation. Finally, results may not be applicable to other ethnic groups or populations. However, whereas previous studies have used carotid intima-media thickness and coronary artery calcium score to define subclinical atherosclerosis, this is the first study that uses CCTA with an adequate analysis of coronary vessel and plaque composition to demonstrate an association between CAD and serum FGF-23 and fetuin-A levels in young adults.
In conclusion, FGF-23 and fetuin-A are independent predictors of the presence of subclinical CAD. In addition, serum FGF-23 and fetuin-A were correlated with the total number of plaques and with the number of involved arteries. Finally, FGF-23 and fetuin-A could be used as novel risk markers of cardiovascular disease in non-CKD patients.
